. Although no gross morphological changes which could be interpreted as protoplast production were apparent, the action of several polyene antibiotics led to the conclusion that these agents altered the permeability of Neurospora. The present paper, which amplifies a preliminary note (Kinsky, 1961) 
time, mycelial age, various metabolic inhibitors, pH, and media composition on this phenomenon are described. The present evidence indicates that the polyenes exert their primarily fungicidal effect by an alteration of permeability, probably due to direct action on the membrane of sensitive organisms.
During the course of an investigation on induced enzyme synthesis in Neurospora crassa, an attempt was made to prepare protoplasts of this organism by means of antibiotics and synthetic fungicides. It was thought that some of these compounds might interfere with fungal cell wall formation in a manner analogous to the action of penicillin on Escherichia coli and Staphylococcus aureus (Lederberg, 1956; Park and Strominger, 1957) . Although no gross morphological changes which could be interpreted as protoplast production were apparent, the action of several polyene antibiotics led to the conclusion that these agents altered the permeability of Neurospora. The present paper, which amplifies a preliminary note (Kinsky, 1961) Optical density was determined with either a Zeiss or Cary Model 14 recording spectrophotometer.
RESULTS
Response of Neurospora to various antibiotics and fungicides. During preliminary screening of antibiotics and fungicides, these compounds were arbitrarily classified according to the extent of growth inhibition produced at a concentration of 100 j,g per ml of medium (complete, partial, or no inhibition, using a zero-hr inoculum as described under Methods). Table 1 , rows A and B, indicates that the majority of common antibacterial antibiotics had no effect. Complete growth inhibition was obtained with the compounds listed in row C. These included most of the antifungal antibiotics and synthetic fungicides which were tested. To compare the relative potencies of these agents, the concentration required to produce 50% inhibition after 48 hr growth was determined (zero-hr inoculum), and the results are presented in Table 2 . The antifungal antibiotics were effective at extremely low concentrations (10-6 to 10-8 M), whereas higher levels of the synthetic fungicides were required to produce the same degree of inhibition. The 4.1 X 10-8 1.5 X 10-7 5.6 X 10-8 1.9 X 10-7 6.8 X 10-8 4.5 X 10-7 3.5 X 10-7 2.9 X 10-7 1.4 X 10-6 1.0 X 10-6 6.0 X 10-6 1.1 X 10-' 2.3 X 10-' 8.7 X 10-6 4.9 X 10-5 1.2 X 10-4 actual amount required for inhibition may be less than the values cited in Table 2 , since data concerning the purity of the antibiotics and fungicides were generally not obtainable. For this reason, the final molar concentration in this and succeeding experiments are only approximations made on the assumption of 100% purity. Table 2 also indicates the least amount of each compound which will produce complete inhibition, as estimated from the growth-concentration curve (zero-hr inoculum). These minimum inhibitory concentrations (MIC) were then tested for their effect on 48-hr mycelial mats grown in the absence of antibiotic by the procedure described above. Significantly higher levels of acrizane, C-275, benzethonium chloride, tridecyl-pyridine oxide, U-587, polymixin B, chlorodimorine, and Furaspor, were (or would be) required to give complete growth inhibition f 48-hr mycelia. These results could be explained the presence of excess antibiotic. This value y lack of penetration into older mycelia or represented a 25% decrease in dry weight of ietabolic transformation (inactivation).
48-hr mycelial mats (range: 70 to 85 mg). Effects of polyene antibiotics. Among the most Changes accompanying mycelial atrophy. The ctive agents tested were the polyene antibiotics, polyene-induced weight loss was accompanied by ystatin, amphotericin B, and filipin. These the appearance in the medium of compounds ntibiotics were examined in some detail because absorbing at 260 m,u. This is shown in Fig. 2 for was observed that addition of the MIC not amphotericin B and filipin. Both the rate and nly produced complete growth cessation when extent of optical density increase in control sted on 48-hr mycelial mats, but actually flasks was very much smaller than in experimental sulted in a significant decrease in dry weight. flasks supplemented with the polyene antibiotics.
'igure 1A shows the loss of dry weight pro-It should be noted that appreciable growth uced by increasing concentrations of nystatin (i.e., increase in dry weight) was observed in the fter 3 hr incubation. The time course described absence of either amphotericin B or filipin after Fig. 1B indicates that this weight loss began a lag period of 1 to 2 hr. nmediately and, at low levels of nystatin (also The action of nystatin was examined over a mphotericin B), proceeded linearly. The average longer period of time (Fig. 3) fter shaking for varying intervals, the mats from represented in Fig. 4 . Continued addition of plicate flasks were harvested, dried, and weighed. nystatin after 4 hr prevented subsequent growth ke average changes in dry weight (increase or de-of the mycelial mats and, in fact, induced further ease) relative to the weight of mats at the beginning loss in dry weight (Fig. 4A) . Figure 4B shows the experiments are shown on the right ordinate. still sensitive to the antibiotic. This is shown by the marked decrease in weight produced by nystatin after 22 hr, at which time the mats actually weighed more than at the start of the experiment.
Requirements for weight loss induced by polyene antiobiotics. Mycelial mats were transferred to fresh medium at the beginning (36 hr), middle (59 hr), and end (84 hr) of the exponential growth phase of stationary cultures. Table 3 indicates that the effect of the polyene (nystatin in this experiment) was relatively independent of the age of the mycelium used as "inoculum", since the antibiotic caused essentially the same percentage weight loss after 3 hr in all cases. Because younger mats might be expected to grow more rapidly than older ones, this would suggest that the polyene-induced weight loss was not a function of the rate of growth.
To decide whether mycelial growth was essential, the effect of several metabolic inhibitors on the action of nystatin was determined. Figure   5 shows that addition of nystatin to mats, whose purine or pyrimidine bases-ultraviolet albsorl)-tion.
It should bc noted that similar compounds, although in much smaller amounts, have been detected in zero-time control flasks and flasks shaken for 30 min in the absence of any antibiotics. These results probably reflect the inability to wash 48-hr mycelial mats completely free of bound material before transfer to fresh medium. This explanation may also account for the slow increase in 260 m,u absorption observed during growth in the absence of antibiotic (Fig. 2) .
DISCUSSION
Before discussing the effects of the polyene antibiotics, an examination of the results obtained with other coml)ounds might be al)l)ropriate. The absence of growth inhibition by penicillin and cycloserine was not surprising, in viewv of the exvidence that these agents interfere with the synthesis of a specific component of the bacterial cell wall (Strominger, 1960) . However, the ineffectiveness of chloramphenicol and puromycin can not be readily explained, since these antibiotics are generally regarded as inhibitors of )rotein synthesis. Recent evidence suggests that this inhibition is caused by interference with the transfer of amino acids from soluble ribonucleic acid to microsomes (Yarmolinsky andl De La Haba, 1959; Lacks and Gros, 1959) . Although the results obtained with Neurospora may reflect either lack of penetration or metabolic inactivation of chloramphenicol and puromycin, the possibility that this mold possesses a mode of protein synthesis which is The 48-hr-old mycelial mats (except experiment C) were transferred to fresh medium, buffered with 0.02 M dimethylglutarate, pH 4.5, containing no inhibitor (solid curve) or inhibitor (dashed curve) at the concentrations cited in the figure. In experiment C, 39-hr-old mats were employed; dimethylglutarate was omitted from the medium, and the pH was maintained at 6.9 with 0.02 m potassium phosphate. In experiment D, the mats were washed extensively with distilled water and sucrose-free mediutm, and the "inhibited" mats were added to flasks which did not contain sucrose normally present in the growth medium. Nystatin (+N) was added to flasks at the times indicated by the arrows (final concentration: 0.8 ,ug/ml, ca. 8.5 X 10-7 Mi-). After shaking for varying intervals, the average dry weight of mycelial mats from duplicate flasks was determined. insensitive to these antibiotics must still be considered.
1\Iycelial mats formed after 48 hr growth in the presence of novobiocin (100 ,ig per ml medium) not only weighed less than control mats, but were also characterized by a profuse formation of aerial hyphae and conidia. (The mycelial mats in control flasks after 48 hr stationary incubation were still submerged, with no indication of sporulation.) Novobiocin-induced filamentation and hyphal production has been previously described in bacteria; magnesium ion was reported to antagonize this effect (Brock, 1956) . In the present investigation, an attempt was made to obtain complete growth inhibition of Aleurospora by lowering the magnesium sulfate concentration (0.05%) of the basal growth medium. Instead, it was observed that decreasing levels of MgSO4 actually reduced the degree of inhibition produced by novobiocin.
The poor inhibition caused by griseofulvin (20 to 50% with 100 Mug per ml of medium) was unexpected, because earlier studies have suggested that this agent was primarily active against fungi containing chitin (Brian, 1960) . Neurospora is known to contain chitinous material in its cell wall, and an enzyme system which synthesizes chitin has been described in this organism (Glaser and Brown, 1957 (Newton, 1956 ) and streptomycin (Anand and Davis, 1960) also act on the cell membrane and alter cellular permeability.) The selective toxicity of the polyenes for fungi and some algae would consequently be due to a unique component in the membrane of these organisms which specifically combines with the polyene antibiotics. In the present investigation, growth of Neurospora could be comp)letely inhibited by a variety of agents without altering the response of imycelial mats to nystatin. This indicates that de novo membrane synthesis is probably not inhibited by the l)olyene antibiotics. Direct action of nvstatiii on the membrane is further suggested by experiments which show a rapid enlargement of iNeurospora lprotoplasts upon the addition of the antibiotic (Kinsky, in press).
